Understanding the climate change effects on local crops is vital for adapting new cultivation practices and assuring world food security. Given the volume of palm oil produced in Malaysia, climate change effects on oil palm phenology and fruit production have greater implications at both local and international scenes. In this context, the paper looks at analysing the recent climate change effects on oil palm yield within a five year period (2007)(2008)(2009)(2010)(2011) at the regional scale. The hybrid approach of data mining techniques (association rules) and statistical analyses (regression) used in this research reveal new insights on the effects of climate change on oil palm yield within this small data set insufficient for conventional analyses on their own.
Introduction
Climate change has the potential to impact on almost all forms of agricultural systems and their productivity at varying degrees e.g., from small benefits to extensive drastic effects depending on the current climate regime and the crop [1] . Understanding this variability in climate change and its effects on local crops is vital for adapting new cultivation practices to overcome the harsh effects on crops, especially to assure word food security now and in the future. Malaysia's oil palm exports contribute to 45% of the world's edible oil needs [2] . Hence, it is essential that we understand the climate change and its potential effects under different scenarios for palm oil production. The paper looks at the correlations between recent climate change and oil palm yield in Malaysia's administrative regions over a period of five years (2007-2011) to determine the trends and possible climate change effects. The work presented here is an extension to earlier work that looked at possible climate change effects in West (Peninsular) and East (Boneo) Malaysia, outlined in section 2.3 of this paper.
Previous Research
Previous research results provide clues on the phonological stages that are susceptible to the extreme climate events and are outlined in this section.
Effects of El Niño and La Niña in Tumaco, Colombia
In a pioneering study [3] , the effects El Niño and La Niña events of in the local climate and on oil palm tree (Elaeis guineensis) production in the Tumaco situated in the Pacific Coast of Colombia were reported. In that study, it was established that El Niño and La Niña events had lagged (previous period) and conflicting impacts on oil palm yields. El Niño experienced in 1997/98 was found to be favourable showing the maximum correlation with production 2.6 years after the event. Meanwhile, La Niña of 1999/2000 had caused severe droughts, with the highest negative impact (reduced yield) in 2002.
Effects of El Nino Events in Sabah, Malaysia
In [4] using statistical analyses, the authors established that heavy rains and high temperatures as favourable to palm oil production in the western coast of Sabah with a lag period of 3 and 4 months respectively. However, the extremes of both scenarios, i.e. flooding and severe drought, were found to be not necessarily favourable to oil palm production. The extremes of La Niña events, e.g. higher precipitation/floods, decreased the production and quality of crude palm oil (CPO), the events being attributed to affecting the fruit ripening stage ( fig. 6 ) reflected in the yield at later months. The Sabah study [4] looked at the climate variability in rainfall, temperature and their correlations with fresh fruit bunch (FFB) production and fish landings in the West coast of Sabah, Malaysia, using data from 2000 to 2010.
Climate Change Effects on Oil Palm in Malaysia
In view of the above two studies in [5] an attempt was made to model the climate change variability and its effects on oil palm yield in the East (Peninsular) and West (Boneo/ Sabah and Sarawak) Malaysia located on either side of the South China Sea. The results of that initial research using monthly climate anomalies in temperature and oil palm yield from the two main regions of Malaysia revealed new insights on the correlations between the climate variations, oil palm tree phenology and yield. The climate variability in the two main Malaysian regions and the lagged effects of temperature on the oil palm yield conformed to the phenological growth stages of the oil palm tree, established as vulnerable to climate change in earlier work in the
